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COMPARATIVE LEVETS ARD TYPES OF MICROBIAL CONTAMINATION
PZTECTED IN INDUSTRIAL CLEAN ROOMS

ABSTRACT

The primary objective of this study was to detexmine quantitatively and
guslitatively the predominant types of microbial contamimation occurring in
conventionsl and laminar flow clean rooms. ©One horizontail laminar flow and
three conventional industrial clesn rocms and three open factory aress were
selected for microbiologlcal tests. The results showed that as the envirvon-
ment #nd personnel of a clean room were controlled in & more positive wmanner
with respect to the reduction of particulate contsminstion, the levels of
airborne snd surface mierobiel contaminants weve veduced accordingly. The
ehief sources of microbial contamination ware associated with the densicy and
activity of clean room personnel, In addition, the vast majority of micro-
orgenisms fsclated from che imtramural sir by air samplers were those indigencus
to humens.,

Studies on the faliout end accumulation of sirborne microerganisms on
stainless steel surfaces showed that aithough there were no significant differ-
ences in the ievels of microbial contamination among the coment@ml clean
rooms, the type of microorgenism detected on stainless steel surfacss was
coasistently and eignificently different. In additicn, the'platesu phenomanon®
occurred in all envirouments studfed, It was concluded that the stuinlass
steel strip msthod for detecting microbial accummiation on surfeces is efficient
and semsitive in uitra-clesn envizonments and is the most rellable and practical
#othod for moaitoring microbial contamination in future class 100 clean romo
to be used for the asscably of spece hardwere which wiil bs stexilised.
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INTRODUCTION

The Netional Asromautice and Spece Administration (NASA} vequires
thae epasscrafe hopduave dosigasd o {spact O STUIt Meie e sterile. Tae
chances for trensportiag visble texrestrigl organisas to Mars must be less
than one in ten thoussnd. Since dry heat i3 to be employed as thc wesns of
sterilisation, the probability of ebteining a sterile spacecraft is enhsnced
sign? &icantly 1f the level of microbial conteminstion is relatively lew prier
to the heat trestment. In accordance with this basic premise, it ig necessavy
to assemble and test spacecraft, required to be sterile, iu avess vhers the
ievels of microbial contaminatior can be msiatained st an extremely low level.

The primery objactiva of this study was to determine quantitatively and
qualizatively the pradominant types of miexobial contémination found in con-
vontionsl industrial clesn rooms #nd in eclesn vooms whick employ laminev air
fiow to eontrol particulate contaminatiun, Preliminary results of this study
sere reported sarlier (1,2). However, im ovder to maiatain countinuity, scme
of the esrlier data ave included in this report.

Bxperimentnl procedures.
#our industrial clean rooms and three generul menufacturing ageas

involvad in scrospsce activities inm the Phoenix area were selected for
miczoblological tests. Since the processes conducted in these rooms requized
lmloue lsvsls of envirommental eontrol, the provision for eswcluding contam-
inancs differed in the three areas. Table 1 containg 2 description of the
physical and operceionsl chacasteristice of the four clean xooms. . The three
general msnufacturing avess A, C, and D were open factory environments.
WWMCQ:@&MM shop. In mmufscturing aress A and D
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conventional electronic camponents were assembled, 'sbeled, and packed for
ghipwent. HNo envirommental control wes required for these activities.

Figurves 1, 2, 3, and 4 illustyratc the general layout of cach clean
room and indicate the sampling sites. The personnel snd sctivities associsted
with ciean room B were traansferred to laminar flow clean room D after its coam-
strxuetion,

The detailed methods of air and surface sampling and the techaique used
£0 enumerate the number of microorganisms which sccumulate on stsainless steal
sv-faces have been desezibed previously (1,3,4). 1In esech area studied, sir
ssmples were obtained during full working dsys wich slit samleuf Surface
contamination on bench tops was measured by the Rodac plate technicue (5).

The accumulation rates of microorganisms on surfaces were determined by exposing
sterile stainless steel strips (1" x 2"} to the intramural sir of the test area
for a pet-iod of 21 weeks, At intezvals of 3 uwceks the strips were veturned

to the laboratory and the number of mescphilic serobic and anserobic wicroorgan~
isms, as well as mesophilic aerobiec and anacrobic sporves, were determined. The
culture wedium used for all sampling wes trypticase soy agar. Cultuges were
incubsted at 329 C for 72 houre.

Steinless ateel strips which were exposed to the intramural environment
of the hortzontal laminay flow clean voom were asssyed in & Laminar flow clean
bench. Also the strips were sssayed at weekly rather than 3 week intervals.

Culture plates from the air, surface, and stainless steel strip
semplings were gelectad at vandom snd representetive numbers of colonies were
picked and subcuitured. The cultures wer: gram stained and subjected to

&
Reynters and Some, Chicago, Yiliimois.
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pertinent bicchemical tests sad identified, In the case of microorganisms
accumulating oa steinless steel surfaces, 37 to 40 colonies were picked randca-
ly after esch 3-wvmek assgy pazied. In a2ll, about 1,600 cultures were examined,

Results.

The alr saspling results {n clesm Fuuzs A, B, G, and D are presented
ia Tables 2, 3, &, end 3. It is evideat tha: im areas that did not requive
sgrict envircumsnial comtvol, such 8s clean voom A, the level of viedle particles
per cubic foot was cssentially the seme as thet of sdjscent corridors or factory
greas., Howaver, in clean roome B, C, and D the numbars of viable particles per
cubic foot weve ceonsistently lower than in the aca-controlled areas. The aumber
ef porsomnel and their asctivicty influenced significantly the levels of contem-
ination, as showm in Figures 5 snd 6. thensver personnel left the grea, the
ievels of viable particles decreased accordingly. Figuva 5 also peints out
that 3 defiaite level of background contaminstion existed even in the absence
of pereonnel. Thie was usuglly not the case in clesn rooms B (1) or € (Figure 6).
¥able & shows thai in clean room C the level of viable particles increased pro-
grecsively the farther the sampling site was from che laminar flow work
benches. (Site A, B, and E, respectively).

The effect of shoa cleaning operations on the level of aizborme coa-
taminsats 1o illustrated in Pigure 7. Significant serosols of viable particles
ove generated vhenaver the shoa cleener was in eperstion. This particular
chog claaner wag situated in the change room of clean yoom €. Figures 8 and 9
show typleal air sampling results obteined im the hovisonts]l laminsr flow eloan
voon. Mo viable particlec were detected gt the filter wall. However, as the
air mowved past parsounel toward the exhaust wall, the level of micrebial contam-
fnation incressed progressively. Sasplers placed s¢ floor lavel detected higber
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ievels of coatamination than those placed 2t the six foot level., At both
sampling sites, however, the ausber of viable pasticles decressed to zero when
personnel left the arxea.

Figure 10 chows the comparstive levels of viable particlas per cubic
foor in mamufacturing sreas A and C, and £lean rooms A and D, The values for
clean rooms B and C, which were uot plotted, fHll between those for clean yooms
A sud D,

Table 6 conkaing the results of the surface sampling on bench tops ia
several clesm rooms and menufacturing areas by the Rodac plate method, Im
general the level of surface contsmination sppeared to iacresse afier persoanel
had been ia the area for six hours. In addition, bench tops in open factozy
sreas contained higher levels of cootaminsation., The types of microcrgenisms
detected in clesm rooms and on bench tops in clean rooms were mainly those
indigenous to humans. Tables 7 and 3 show typical patterns. Similar results
vere obtained in clean rooms C and D. Fev sporeformers (Bacillus spp.), molds,
and actinomycetes were detected. The vast majority were Staphylococcus spp.
and Micrococcus spo. which sre associated with human skin, hair, and the
respiratory tract.

The detailed results of tests designed to detect the levels of microbial
contamination accummliating on stainless steel surfaces exposed to the in. msmral
environments of clean vrooms A, B, and C, and menufacturing aveas C and D are

presented in Tables 9 to 13. The comparative levels of serobic mesophilic

microorganisms are shown in Pigure 11, 1In clean room A the level of microbial

contsmination incressed to & mexinmum in the 9th teo 12tk weeks and then remained
conatant, Similer restlts were obtained in cleen rooms 2 and C. In the two
manufacturing areas the levels remsined relatively constant throughout the

21 vagk exposure period.

- ™
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Trays containing stainless steel strips were placed at three sites
ia the horigzontal laeminar flow clean room. One site was locsted at the
filter wall and the other two at the exhaust wall., (Figure 4). PFigure 12
shows the comparative levels of contemination at the tihree sites. Site B
showed the highest lewel o’ aicrvoblal contamination, This was pr .bably due
€0 the airntresm pansing by wmore personnel who were located directly upstream.
Both exheust sites shoved no significent increase in the level of microblal
conteaination throughout the 7-week cxposure periocd. Por the first 5 weeks
of the study no viable mieroorganiswe were recovered from stainless steel
g#urfaces placed immediately downstream from the filter wall (site A), Between
the £ifth and sixth week the sir hendling system failed due ¢o g loss of
electrizal power., Following this failure, a threec-log increase in the level
of microbial contamination occcurred. These latter rcesulis point out the
gensitivity of this sesspling method and slso ths eff iciency of laminar air flow
systens,

The types of microorganiome which accummlated on stainless stesl sur-
feces in the four clean roows and in menufacturing sreas C snd D are present<d
in Teble 14. BRach valus is the mosn average from 7 assay periods. 2hc pat-
torn in each arxsa did not change significantly throughout the entire exposurs
period. The vast majority of microorganiems which were found in clean room B
vere Staphylocoecus app., jicresoecus spp., and the Corynsbacterium-Brevibacter-
jun group. These arc indigenous to humen skin, hair, snd respiratory tract.

Pew gporeforwars (Becillus spp.), molds, and actincaycstes, which are associated
vith soil am] dust, were dstectad. The perscanel of clean room B were msost
rigidly ceatrolled with respact to sppavel and occupancy (Table 1). 1Its
environment slso was the most rigidly controlled ameng the rhree coaventional

clecn voomsS.
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Clean room A, which required the least amount of environmental and
r~rsonnel control, showed a significantly different pattern with respect to
types oi micruvorganisms. Most of the microorganisms £. nd ~ " accumulate on
stainless steel surfeces were gporeformers end molds. Ouly a small portion
of the microblsl population consisted of mieraorganieme of humen origia,

This seme type of pattern also was present in wanufscturing areas € and D

Clean room C exhibited & pattern which reflectn its environmental
control., The air cleesning system was good in that ultra-high efficlency
filters vere employed and 3 lamicar flow benches were located at one end of
the clean yoom. Persoanel control, however, was similar to that in cleen
room A (Table 1). Although the majority of microorganisms detected ware
Staphylococcus spp., Micrococcus spp., and the Corynebact-rium-Brevibacterium
group, cporeformers o8 well as molds also were present fn g higher ratio than
in clean rooa B,

In horizontal laminar flow clean room D the qualitative pattern at
both exhaust sites was similar to that of clesn room C except that higher
percentagea of sporeformers were detected. These latter dsta point out :
the {sportance of perscunel spparel. As was mentioned in the Experimcntal !
procedures, the personnel and activity in clean rcoms B and D were identical. :
However, when the laminar flow room was used, some personnel comstraints were
velaxed (Table 1). Pcr example, no air showers or plastic booties were

required. These factors, especially the latter, could account for the higher

number of gporeformers. In addition, tests wers performed to determine the
pattern of alr flow ‘n the {smediate aves upstresm from the exhaust wall and
sexpling sites. Alr velocitier were measured vith a therwo-anemomater
{(Alnot). The results indfcated that the air pattern ceasad to be laminar
as it approached the exhaust wall and teaded to rise faster toward the top

e R
o
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portion of the exhaust wall. This iictor, too, could have influwnced the types
of micrcorganisis found.
Table 15 chows that very few obligate anaevobic microorganisms weve
deteciad on stainless stesl strips exposed to the eavircoments studied. The
sority were faculiaiive microorgsnisme walch ware agble to grow both

cerobically and anserobicslly.

Diceuasten.
It 19 evident from the results obteined in this study thet as the environ-

eent and porceancl of & clean voom were controllsd “a ¢ wivs 203itive wmanuer with
respect to the redection of particulste coviaminstion, the levels of airborne

and surfoee microvial contamination wers ruduced srcordingly. Thic wex zrneeially
trus in the horigontal laminar flow clesn roow. Tace chisf sources of .-i- : dial
contsaination wore associsted vwith pewr!  wking in the clean room, &8 wh: s

by <he incresss or docrease of airborne ¢iable particies, depending on ti-

ausbuc Of personnel in the roca and their .otivity. Yn additiom, the .:-- major-
ity of wmicronrpganisus isolated from the ai. by #ig sasplers sad »~ ... 3 top
surfeces by the Rodae plate method werxe Stephylosoccus epp.. ¥ic: .. .:us &pp..

tevium-Brovib~ccexium grouwp. These victeriz ave Lusl{genous to
hunzn ckin, hair, and the respiratory tract.

Studies on the follout and accumulation of sirborne microorganisms on
stainiess oteel curfaces shouad several interesting phenomena, Firxstly, theve
was no significant difference ian the levals of microbial contamination aoag the
three conventional clecen vocms A, B, and C. (Tables 9, 10, and 11, and Figure 11)
and the exhouot will eites of the horiscatal lexinsr flow clesm zoom D (Pigure 12),
Coataniastien lavels were in the range of 107 to 10° wicroorgenisns per square
feot, In the tw cpes factory ercas tha level of microdial conta.ination was
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approximately one order of magr’’ude “{gher than in the clecan rooma (Tabies 12
and 13, and Pigure 11).

Secondly, the types of microorganisms which accumulated on steinless
steel zurfsces were signirficantly different among the clcan rooms and the two

muf&ctu%iﬂg Are” 3. (Tﬂbl& ][&) . VUaoaranrtivse micenncoantamna &2 Luman strigia
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such as Stephylococcus spp., Micrococeus spp., sod the Corynebacterium-Brevi-

bectaxiun group sccounted for the vast majority of microblel contamiuatior detected
on stainlesr steel strips i{n clean room B. Pev microorganisas associsted with
sofl end dust, such ss sporeformers, molde, ~2d actincmycetes wrre detected, In
clesn room A and manuZscturing areas C ard D the rveverse situastioa was found.

Horve soil types apd fewer microorgenisme indigenous to humgns were found, Clean
rocms € and D were more ox less miduvay betwsen these two extremes. These data
definitely shov that tha degree of envirounmental control i3 reflected morxe
sdequately by types rather then by the nunber of microorganisms present. Thie

wes especially true in the coanventional clean rooms. Persoanel apparvel, ‘= addi-
tion Co strict envirommental control were the msin varisbles vhich ilaflueuced
these qualitative results. In clean voom B the only parts of the bedy of persennel
expoged were¢ the eyes, -ose, mouth, and cheeks. In ~dditionm, ultrahigh efffciecancy
filters weire employed and bench tops and the floor were voutinely wipad dowm and
vacuuld clesr=’., The perscanel in clean iooms A and C wore lint-free gowme over
street clothes. Cleaa room C, howover, emyloyed ultrshigh effictency air fflterr
and alsc conteined three laminer flow clean benches.

Thirdly, the “platesu phzacmenon™ (1,2,3,4,6,7,.8, snd 9) cccurred in all
areas studied. The lerels of microbisl contemination resulting from the fallcut
of girborme microorganisws cato stainless steel suxfecee dfd not increass
pignificently during the relatively long expnsure period of 21 woeks. I coma

cases thers was a slight incrasee up to & to 12 wesis, wvith levsle subsequently
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otabitizing, These zesults coafixm those by other investigators in different
geograghical arees of the United States. One study showed that staimless steel
surfaces empdised to the imtrsmural sir of an fndustrisl clezn reom for cne week
contained the some level of microorgapisws a8 those exposed for 32 wecks (6).

1t must be osphssized thet the slateau pbencsenon is the result of a
dynamic rother thes o stetic gyetem ond one which is influvemecad by wultiple
feeccors. The most plausible oxplanstion for the presemce of g plateau is that’
the el sr of sfcroorgenioms dspositsd oato or surviviang upoa surfseces is bal-
anced by the ousher of alcreozganisss dying om the seme surfs.c. It hae been
shoum that the microbisl population, especislly vaget#2ive microorgenisas, is
constantly decressing oa ¢he stainless steel surfaces (2). Such Lactors as the
cbeence of nutrients, reiotive hueddity, temperstuze, ond type of microcrganisw
inflvence the suzvival rate of mievoorgealess o surfeces (10,11,12). Although
mechonical or physfeal dislodgement of viable paztieles from the surfaces zlso
" mey play @ zole, there has boen no presf of it at the present time,

The rosults of thiz study glso show that the use of stsiuiess steel col-
lecting surfeces i3 a uuch more sensitive and velisble asthod for essessing
sirborne micrebiel comtuminetion in clesn rooms then aiy essplers. This was
apparvent eopocially in the laminar flow 2lesn zoom. Volumetwic slr ssaples
detest airborme vigble particies thet have besn freshly gemsrated by personnel
in the imsodiate sxes of the ‘mleu., Since the vast majority of thece sre
vegetative wicvoorgenisms (Tables 7 and 8) they would not suzvive oo 2 surfsce
for any spprocisdle length of time. The stalaleass steel strip mehoé,, on the
other m,, ssgesees the S2)lout of airbovne nicroovgeniems cato surfeces and
their subesguont suzvwivei exe oceummlagion,

Covicvsly the seasitivity and veliability of the staimlecs stesl strip
eathal 1c best in an ultroelosn eavircomsnt., This is {ilustrated in Pigure 12.
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No microorganisme were detected until the air hendling system failed. In all
prcbability, air sampilers would not have deteeted this failure adequately.
Consequently this technique appears to be most veligble for monitoring .amivar
flou clesn roems wheve spacecraft hardware required to have an extremely low

microbial load prior to hest stevilizaticn sve sssembled.
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BOSNE VIADLE PARTICLES PER CUBIC FOOI PER HOR IN

CLEAN ROON B ANWD ABJACENT CUSRIBOR.

Tlea Clean Room Corzidor
Site & Sice B

7:30 - 8:30 a.m. 1.18 1.36 11,31
8:30 - 9:30 s.m. 1.05 1.61 9.53
9:30 - 10:30 s.;. 1.20 1.38 6.98
10:36 - 11:30 a.w. 0.66 -e 8.40
11:30 - 12:30 p.a. wo 1.0 7.60
12:30 - 1:30 p.m. 1.36 1.63 8.70
1:36 - 2:30 p.a. 0.60 1.18 7.03
Averege 1.0 1.38 8.62

Range 0.66-1.35 1,01-1.63 6.98-11.31




THBLE &. AYBBORWE VIABLE PARTICLES PER CUBIC PCOT PER HOUR IN CLRAN ROGM C
ASD ADJACENT MAWUPACTURING AREA,

Cleen Boca ¢ Mennfacturing Aves

Time 8ite A Site B Site B Sige € Site D
8 - %2a.m, 0.30 0.87 ce 18.42 4.29
9 - 10 a.m, 0.27 0.85 oo 15,99 5.20
10 - il a.®. C.35 0.82 1.23 7.62 6.05
i1 - 12 a.m. 0.31 1,18 2,07 11,92 3.32
12 - 1 pem. 0.10 0.28 0.80 10.55 .79
1 - 2pm, 0.20 0.85 1.02 11,42 1.93
2 - 3p.m. 0.07 0.85 "0 9.59 5.3%
Avexage 0.21 0.80 1.12 12,19 3.85
Range 0.07-8.35 0.28-1.16 0.70-2.07} 7.42-18.42 1.93-5.3¢9
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TABLE 6. CONPARATIVE LEVELS OF SURPACE CONTAMINATION ON BEECR TOPS IN

CLEAN RGOM A AND THE ADJACENT ASSEMBLY-PACTORY AREA, CLEAN 20CH B,

AMD CLEAN ROOM C.

Site and tize Average no, Range
of sempling of .olcates
per Redac platas

Ho. of samples

€lean Rooa A
i3t test gexiev
Before personncl entered i12.5 2-31
6 hours after percounel eatered 24.9 1-100
Clsan Recwm A
2ud test sgexies
Befora pov .onmel entered 18.7 0-63
6 hours after persounel antered 27.3 6-62
28.1 3-51
65.2 ~-130
Clecn Rooa B
before pavscancl cntered 3.65 0-25
6 hours af:ey persoangl eatered 2.89 1-32
c;_@% Reom C
Bofore porseanel entered 9.16 0-52
6 houre after perconnel emtexed 13.80 0-102

2%
20

100
100

$0
90

100
100
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TABLE 7. TYPES OF ABROBIC MUSOPHILIC MICRODAGANISHS IN THE INTRAMURAL AIR
AND 04 SUBPACES IN CLEAN RGIM A.

Typs oF Aix .. _Sueface
uicroorganism Nuenbey Per ceat Bunber Per cent
Stephylococcus 15 41.7 16 20.5
epidermidis
Staphylocogeus 3 8.3 12 15.6
gurevs
Sereing opp. 3 8.3 0 0
Gaffkya spp. i 2.8 0 0
2 5.5 20 25.6
0 0 6 7.7
1 2.8 0 0
Flavobacteriva spp. 1 2.8 12 15.4
Pseudowronaa- 5 13.9 12 15.6
Achroxobecter spp.
Yeasts 1 2.8 o 0
Holds 3 8.3 0 0
Vaidoetified 1 2.8 0 0
Total no. exsmincd 36 78

Ty ey e 3 m oaEs e e e —— - ——
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TABLE 8. TVPES OF AEROBYC MESOPHILIC MICROCRGANIGMS IN THE INTRAMURAL AIR

AND ON SURPACES IN CLEAN ROOM B.

~r

Tyne of Aty Sueface
Mieroorganisa Yumber Per cer” Number Per cent
Staphylococcus 53 7¢.2 45 3.2
epidendidis
St lococcus 5 5.9 0 1]
Suxeus
Mierococcus 6pp. 3 3.6 10 12
Sagcina spp. 0 0 1 1.2
Ceffkys spp. 1 1.2 4] 0
Steeptos vecus 8pp. 1 1.2 9 ¢
Becillus _pp. 0 0 3 3.6
Corynebacterium epp. 8 2.5 14 16.2
Helsoeria catsrrhalis 0 0 1 1.2
Psegudomonas- 3 3.6 1 .2
A acter spp.
Yeasts ¢ e /] e
Molds i 1.2 2 2.4
Actinomycetes 1 1.2 1 1.2
Uaidentified 2 2.4 5 6
FTotal pusmber exawined 84 83




TABLE 9. LEVELS OF MICROBIAL CONTAMINATIOS WHICH AGCUMULATED OX STAIMLESS

STEEL STRIPS EXPOSED WITHIN CLEAY ROOHM A.

15 9,072 %00 § 3,197 418
18 12,312 3,060 | 2,808 1,202
21 13,968 1,138 | 3,000 720
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TABL? 10, LBVELS OF MICROSIAL CONTAMIMATIOR WHICH ACCIRMULATED ON STAINLESS

STEFL STRYPS EXPOSED WITHIN CLEAN ROGH B.

Sazples heat-shoeked

it Ay yhas YO S I YN B

Weeks of _ __Sasples not heat-ghocked et 80° € for 15 min
: exnasuve Asrctes AREerobes Aeroves ANBOTOPSE
| Ro./fLZ  No.fEeZ || Wo./ftZ Fo./EE
3 4,735 1,656 180 1t3
| é 2,880 $35 180 189
9 4,082 302 482 0
12 2,000 1,857 686 11$
15 23,718 3,362 958 546
ig 6,422 1,440 238 122
21 9,238 1,260 720 238




TABLE 11,

at 80% € for 15 mim

g Semples hest-ohocked
¥

12
13
18

21 16,818 2,398 6,268 1,678
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TABLE 12. LLVELS OF MICROBIAL CONTAMIRATION WRIICH ACCUMULATED ON STAINLESS
STEEL SIRIPS EXPOSED VITHIN HMANUFACTURING AREA C.

Ln nlea o8
NESRe W

exposure

12
15
18




TABLE 13, LBVELS OF MICROBYAL CONTAMIRATION WHICH ACCIMULATED ON
STAXIW.ESS STEEL STRIPS EXPOSED WITHIN MANVPACTURING AREA D.

Weeks of Ssaples net beat-shocked Samples heat-shecked
eEpoOTULe gt 8U° C for 15 min
Aevobes Anaerebeo Aevrobas Ansegrobes
Ho. f£e? Wo. / £c2 Wo./8t2 Wo./£e2
3 7,380 482 2,282 238
6 15,538 2,880 3,420 360
$ 31,018 1,260 6,082 9358
12 22,558 1,318 5,220 540
15 22,032 1,008 6,192 648
18 16,272 1,678 2,282 958

21 20,700 3,182 9,180 2,038
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TABLE 13. OCCCURRENCE OF PACULTATIVE MICROCRGAWISMS AND (BLIGATELY

FARROBIC MICRCORGANETMS WHYCH ACCUMULATED ON STATNLESS
STEL, SURFACES ERPOSED 70 THE :

A& REELI PAMRES ANR 9 NRNEEDAY BDAMGNDY ABRAS 1
N Cestiite ovwrUOSS JSORr o WEBCMERRI BLOMRISTIONL  FACOHINS O

Pocultative wmiercorgenisns EL wugaz@.ly amerobic

Huzber — Fren
Ares exsmined Fgem nouo ahmmheat'
heat-she ~ 4

Clem Bocm & -z 39 13 0 4]
Clecn Roem B 106 i !
Clesn Roan € 106 7 * 6 :
Msaufecturing 103 62 ? 1 1

ares ©
Monufoecuring 216 167 &b . 3 ’

Axca B g

- 641 127 10 :

1

a1l eultures wese f{solsted fvem plates incubated inm Brower jers st 32° ¢
for 72 heougs.




CIHANGE ROOM

S8 = Stainless steel strips; A, B, and C = air sa2wpling sites.

General floor plan of Clean Room A.

Pig. 1.
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ing sites,

.
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¥ o plr sam
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oor plon Clean Roca C. $S = Stainless steel strips; A}LE

S:-OF CLEALER

LAMINAR FLOW
WORK BENCHES
General f.

rig. 3.
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CLEAN RGCON WM
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Fig. 6. Effect of perseansl density sad cctivity om the level of airborne
oicrobial cemtoninacien e Clesm Desm €.
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Pig. 10,

Comparative levels of alrborne microbisl contaminstirc ., in tvo
msnufacturing areas, a conventional clean room, and “he exhaust
wall of & horizontal laminar flow clean room.

VIABLE PARTICLES PER CUBIC FOOT
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